Introduction
Mediators of nonadrenergic, noncholinergic (NANC) relaxation of the smooth muscle of gastrointestinal tract have been extensively studied in several species of animals. The noteworthy features of the mediators are species-, strain-and regional-differences . In our previ- ous studies in Wistar-ST rats, nitric oxide was shown to mediate NANC relaxation almost solely in the proximal colon Takeuchi et al . , 1996) and ileum (Kanada et al . , 1992 ; , and partially in the jejunum (Niioka et al . , 1997) , but it had no appreciable role in the distal colon •@and rectum . It was also shown that the number of nitric oxide synthase-containing neurons and nitric oxide synthase activity were increased in the myenteric plexus of the proximal colon compared with the distal colon of Sprague Dawley (SD) rats (Takahashi and Owyan, 1998) .
Vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase activating peptide (PACAP) were also shown to mediate the relaxation in the distal colon Takeuchi et al . , 1999) . Furthermore, extents of participation of the mediators are different between Wistar and SD rats. That is, in a certain region of intestine of the different strains of the rat the mediator is different or differently participates in the relaxation in extent .
Although these results were obtained in the responses of longitudinal muscle, the mediator which participates in the relaxation of circular muscle also differs from that in longitudinal muscle . There are also many discrepancies among the results which have been obtained from a variety of animal species. Thus, it is likely that participation of the mediator of NANC relaxation is not uniform in every intestinal region, strain or species of animals. In comparison to the uniform role of acetylcholine, which is released from the motor neurons for the smooth muscle cells, as an excitatory transmitter throughout the gastrointes tine, the inhibitory neuronal control is quite variable.
In the mouse gastrointestinal tract, results obtained are not yet sufficient to discuss the neuronal inhibitory control in the gut, but there are some reports to suggest participation of nitric oxide in NANC relaxation in the stomach (Yano et al . , 1995 ; Mashimo et al., 1996) , caecum and anococcygeus (Gibson et al . , 1990 ; Fonseca et al . , 1998) . It was also suggested that spontaneous myoelectric activity in the circular muscle of mouse colon was modulated by nitrergicinhibitory mechanism involving apamin-sensitive channels (Spencer et al . , 1998) . The presence of immunoreactive neurons to VIP (Ekblad et al . , 1984 ; Sang and Young, 1996 ; Sang et al . , 1997) and PACAP (Sundler et al . , 1992) was shown in the mouse intestine. A report suggests a role of VIP in inhibitory neurotransmission : VIP acts on presynapse, and produces and releases nitric oxide which in turn produces inhibitory junction potentials (Mashimo et al . , 1996) . However, there is no report on a role of PACAP in inhibi tory responses of the gut smooth muscle of the mouse.
In the present study, we examined possible role of nitric oxide in the NANC relaxation in the mouse intestine. Since VIP and PACAP had been shown to participate in the relaxation in the distal colon of Wistar-ST rats as noted above, roles of VIP and PACAP in the NANC relaxation in the mouse intestine were also studied.
Methods
Male ICR mice (8 weeks old) purchased from Japan SLC Inc. (Shizuoka, Japan) were used.
They were lightly anaesthetized with ether and then stunned by a blow on the head and bled via carotid arteries. Segments of the jejunum, ileum, and proximal and distal colon were NOARG within 10-20 min (Fig. 1) . The results suggest that nitric oxide partially mediates the Total percentage is also shown in the last line. induced sustained relaxation of the muscle. The VIP-induced inhibitory effects were significantly blocked by VIP10-28 (data not shown).
relaxation maximally in the proximal colon (mentioned below) did not have any effect on the EFS-induced NANC relaxation ( Fig. 3 and Table 1 ).
The relaxation which persisted after the VIP 10-28 treatment was completely inhibited by a further treatment with L-NOARG (Fig. 2, n =3) . Thus, nitric oxide and VIP are suggested to mediate NANC relaxation of longitudinal muscle of the jejunum.
Ileum
Frequency and amplitude of the spontaneous contractile activity were somewhat smaller than those in the jejunum. Pattern of EFS-induced relaxation of longitudinal muscle of ileal segments of ICR mice was similar to that in the jejunum. Treatment of the ileal segments with relaxation of longitudinal muscle of the ileal segments (Table 1) . Therefore, it seems that nitric oxide almost solely mediates NANC relaxation in the ileum, although possibility of participation of another mediator can not be completely excluded.
Proximal colon
Longitudinal muscle of the proximal segments of ICR mouse colon exhibited spontaneous contractile activity with lowest amplitude and lower frequency than the ileal segments. L-NOARG treatment resulted in moderate inhibition of EFS-induced NANC relaxation of the proximal colonic segments, being about 40% inhibition (Table 1) .
the EFS-induced NANC relaxation in a concentration-dependent manner and maximally ous contractile activity and induced slow gradual relaxation of the muscle. The PACAPinduced inhibitory effects were significantly blocked by PACAP6-38 (data not shown). In the study using three strains of the rats, Wistar-ST, Wistar and SD rats, there were differences of the extent of participation of nitric oxide among three strains and among regions in a certain strain. However, a few common features among the strains were present : most significant participation of nitric oxide in NANC relaxation was noticed in the proximal colon and, in contrast, slight participation of nitric oxide in the relaxation was seen in the distal colon . In this respect, the extent of participation of nitric oxide in each intestinal region of ICR mice is significantly different from that in the three rat strains.
We have recently reported that NANC relaxation in every region of the rat intestine at 2-week-old is almost solely mediated by nitric oxide, and its significance as an inhibitory mediator gradually or rapidly decreases with age . Therefore, it is reasonable to postulate that extent of participation of nitric oxide after the neonatal stage depends on the speed of decrease of the participation, and that the speed is different in every intestinal region. Since more significant participation of nitric oxide was shown in every region studied in ICR mice than 8-week-old rats, the speed of decline of participation of nitric oxide in the mice might be slower than that in the rats.
VIP was suggested to partially mediate NANC relaxation in jejunum and the proximal colon, but not in the ileum and distal colon of ICR mice in the present study. This makes a sharp contrast to the results obtained in Wistar and Wistar-ST rats : VIP partially mediates the relaxation in the distal colon but not in the jejunum and the proximal colon (Okishio, Niioka, Nishio, Takeuchi, Takewaki and Hata, unpublished data) . PACAP was suggested to partially mediate the relaxation in the proximal and distal colon of ICR mice. PACAP has been reported to mediate the relaxation in a few regions, such as the stomach of guinea pigs , the lower oesophageal sphincter of cats and human (Ny et al . , 1995) , and the tenia coli of guinea pigs and rats Kishi et al . , 1996 .
Also in the three rat strains, participation of the two peptides in the relaxation was not suggested in intestinal regions other than the distal colon in the three rat strains (Okishio, Niioka, Nishio, Takeuchi, Takewaki and Hata, unpublished data) . These participation in the proximal colon of the ICR mice was first suggested in the present study. The present results suggest that nitric oxide, VIP and PACAP solely or partially mediate NANC relaxation of longitudinal muscle in ICR mouse intestine. Although nitric oxide solely mediates NANC relaxation in the ileum, sums of the percentages of each component in all the rest regions are roughly equal to a hundred percent (Table 1, mentioned as Total) . That is, EFS-induced relaxations were almost completely inhibited by the treatment of the segments with L-NOARG and VIP10-28 in the jejunum, with L-NOARG, VIP10-28 and PACAP6_38 in the proximal colon, and with L-NOARG and PACAP6_38 in the distal colon. Although a direct interaction of VIP and nitrergic neurons was suggested in the mouse gastric fundus in an electrophysiological study (Mashimo et al . , 1996) , such interaction among the mediators was not shown in the intestine. Thus, the mediator of relaxation of longitudinal muscle of ICR mouse intestine were suggested as follows : nitric oxide and VIP in the jejunum, nitric oxide in the ileum, nitric oxide, VIP and PACAP in the proximal colon, and nitric oxide and PACAP in the distal colon.
